turn comes from de + verto, to turn aside. Thus a byroad (diverticulum) has the connotation of a small or narrow structure. Consequently, a diverticulum has a small or narrow communication with the ventricle, as is often associated with Cantrell syndrome. 1, 2 Congenital left ventricular aneurysm should also be distinguished from other causes of left ventricular aneurysm in which the cause is not idiopathic, such as aberrant origin of the left coronary artery from the pulmonary artery, 3 cardiac surgery, 4 trauma, 5 Chagas' disease, 6 and tuberculosis. 7 Because the literature on congenital left ventricular aneurysm consists of case reports and small series, we present the findings in 7 new cases and review the literature in an effort to clarify the clinical, diagnostic, surgical, and pathologic features of this little-known entity.
Boston and re-examined the 4 postmortem heart specimens of congenital left ventricular aneurysm (frequency = 0.12%).
Specimens were first examined macroscopically and measurements were made of the left ventricle and the aneurysm. Each specimen was photographed. In each case, blocks of tissue were obtained from the aneurysm and from the nonaneurysmal left ventricular myocardium. Histologic slides were stained with hematoxylin and eosin, Verhoeff-Van Gieson for elastic tissue, and Gomori trichrome for fibrous tissue. Polymerase chain reaction was performed on all 4 postmortem cases searching for a viral etiology of the aneurysms.
Results
In the interests of clarity and brevity, the findings in 7 cases of congenital left ventricular aneurysm are presented mainly in Tables I and II Table I . Postmortem morphometric data are shown in Table II Figure 9 .
The results of polymerase chain reaction performed on myocardial sections from the nonaneurysmal and aneurysmal parts of the left ventricles of all 4 postmortem cases were entirely negative for adenovirus, cytomegalovirus, enterovirus, and parvovirus.
Discussion

What is it?
Congenital left ventricular aneurysm appears to be an idiopathic endomyocardial dysplasia. The morphologic Figure 5 , B, 6, B, 7, B and C, and 8). Consequently, congenital left ventricular aneurysm is considered to be an idiopathic developmental anomaly of the left ventricular endocardium and myocardium. Evidence was not found to support the possibility of myocardial ischemia as the etiology; grossly (Figure 2 
Clinical severity
There was great variation in the clinical severity: 3 of our patients are alive and well (cases 1 to 3, Table I ), whereas 4 are dead (cases 4 to 7, Table I ).
Age. The age at diagnosis typically was young. Our cases varied from 23 weeks' gestation to 1 month postnatally (Table I ). Including our cases plus those in the literature, the median age at diagnosis was 20 days, ranging from 18 weeks' gestation to 39 years. Of the 30% of patients who died, the median age of death was 33 weeks' gestation, ranging from 20 weeks' gestation to 1 year. Sex. Although all our patients were male, no sex predominance was found in the literature, the male/ female ratio being 1.05:1.
Location. Regarding aneurysm location, in our literature review we excluded submitral and subaortic aneurysms because they cluster in sub-Saharan Africa 42, 43 and may be acquired in etiology, rather than congenital. (However, subvalvar aneurysms and diverticula definitely can be congenital.) 24, 32 In our 7 patients, the aneurysm was mainly apical in 3 (43%) and involved the free wall in 4 (57%) ( Table I ). In the literature (n = 49), the aneurysm was predominantly 
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Figure 4
Case 3, intraoperative photographs. A, The thick-walled mouth leads from the surgically opened left ventricular free wall aneurysm laterally into the more medial nonaneurysmal compartment of the left ventricle. This mouth was occluded with a Gore-tex polytetrafluoroethylene (W. L. Gore and Associates, Elkton, Md) patch, resulting in a functional "aneurysmectomy." B, A bovine pericardial tube (PT) was fashioned to drain the excluded aneurysmal cavity, which was well vascularized, into the right atrial appendage, thereby achieving postoperative hemostasis and preservation of the coronary arteries.
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apical in 25 (51%), mainly of the free wall in 20 (41%), and septal in 4 (8%).
Coronary arteries. Coronary artery anomalies were found in none of our 7 patients. In the literature coronary artery abnormalities were occasionally noted, such as hypoplasia of the left anterior descending coronary artery in 2 patients with apical left ventricular aneurysm. 11, 13 It is possible that inadequate blood supply may have led to ischemia of the left ventricular apex in utero, leading to the development of an apical aneurysm. However, in almost all reports, with these exceptions, 11,13 the coronary arteries were thought to be unremarkable, as in our cases.
Mitral regurgitation. The tensor apparatus of the Figures 5, B, 6 , B, 7, B and C, and 8). Although only 1 patient (case 4, Figure 5 , B) had documentation by cardiac catheterization and angiocardiography of severe mitral regurgitation, all had pathologic anatomic evidence consistent with mitral regurgitation, with thickening and rolling of the mitral leaflets or marked shortening of the papillary muscles by left ventricular myocardial dysplasia. The posteromedial papillary muscle was more hypoplastic than the anterolateral in 2 patients ( Figures 5, B, and 6, B) . Both papillary muscles were involved by severe endocardial fibroelastosis of the left ventricle in 1 (Figure 7, B) . In 1 case, a 23-week fetus, well-formed anterolateral and posteromedial papillary muscles were absent: there were only filamentous fibromuscular insertions into the dysplastic aneurysm ( Figure 8 , case 6, Table I ). We have not found a similar case in the literature. In the case of Paronetto and Strauss, 14 there was abrupt interruption of the anterolateral papillary mus- 
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cle by the dysplastic aneurysm, similar to our cases 4 and 7 ( Figures 5, B, and 6, B) . Ruttenberg et al 28 described "concentric semicircular muscular ridges and grooves in the apical portion of the left ventricle and a peculiar fibrous endocardial network," similar to two of our cases ( Figures 5, B, and 6, B) . We suspect that in some cases of congenital left ventricular aneurysm an unfavorable outcome may be determined in part by the highly abnormal mitral valve that may not be reparable or replaceable.
Arrhythmias. One of our 7 patients had arrhythmias during fetal life (case 1, Table I ). This infant is one of the youngest known patients with congenital left ventricular aneurysm and a ventricular arrhythmia: ventricular tachycardia at 32 weeks' gestation. Premature ventricular 20 and atrial 31 beats have been reported in fetuses with congenital left ventricular aneurysm. Hence fetal arrhythmias should trigger a diagnostic search for this anomaly. Arrhythmias in association with congenital left ventricular aneurysm have also been reported postnatally, mostly ventricular arrhythmias. 15, 16, 20, 31, 41, 42, 44, 45 Heart failure. Congestive heart failure was present in 5 of our 7 patients (71%) ( Table I ). Many cases in the literature had a similar presentation, 8, 9, 14, 16, 27, 28 and heart failure frequently was resistant to medical therapy. Hydrops fetalis, indicating severe congestive heart failure in utero, has been reported in association with congenital left ventricular aneurysm. 30, 32 Hydrops has been a grave prognostic sign, often followed by intrauterine death.
Chromosomal anomalies. Only 1 of our patients had a chromosomal anomaly (case 6, trisomy 13, Table  I ), and only 1 other case was found in the literature (trisomy 18). 32 Hence chromosomal anomalies are associated only rarely with congenital left ventricular aneurysm.
Thromboembolism. Although not seen in our series, thromboembolism has been associated with congenital left ventricular aneurysm, manifested by seizures, coma, and hemiplegia. 8, 22, 27 Rupture. Also not seen in our series, rupture of a congenital left ventricular aneurysm has been reported. 19, 21, 26 Sudden unexpected death. Causes of death. In our 4 postmortem cases, death was directly related to the aneurysm in 2 patients (cases 4 and 5, Table I ) who had fatal congestive heart failure. Death was due to interruption of pregnancy in 1 patient with trisomy 13 (case 6, Table I ). In 1 other patient, death occurred intraoperatively while the patient was undergoing surgery because of an erroneous diagnosis of congenital aortic stenosis (case 7, Table I ). In the literature, death was related either to the aneurysm itself or to surgical attempts to resect it. 8, 9, 14, 16, 28 Treatment When patients are asymptomatic, therapeutic measures may include antibiotic prophylaxis for bacterial endocarditis and steps to prevent thromboembolism with aspirin alone or with warfarin in older patients and in those who have had a thromboembolic event.
When symptoms are present, usual therapeutic measures for congestive heart failure or arrhythmias may be tried; however, these problems are often resistant to medical therapy.
In severely symptomatic patients, surgical therapy should be considered. Published reports of surgical treatment 8, 10, 16, 17, 23, [25] [26] [27] include aneurysmectomy alone or with mitral valve replacement, suturing of a rupture, and plication of the aneurysm. In our literature review, 11 such operations were found, with successful removal of the aneurysm in 9 patients (82%). In the two unsuccessful cases the aneurysms involved large areas of the left ventricular free wall.
A new type of surgical operation ( Figure 4 ) was performed successfully in 1 of our patients (case 3, Table I ) by 1 of us (J. N.). This procedure consisted of exclusion of a large free wall aneurysm from the nonaneurysmal left ventricle by a Gore-tex patch, with drainage of the aneurysmal cavity into the right atrial appendage by a tube of bovine pericardium. In this way, a functional left ventricular aneurysmectomy was achieved, hemostasis was attained, and the coronary arterial blood supply was preserved. Blood clot obliterated the aneurysmal cavity and its pericardial drain soon postoperatively (echocardiographic observation), and marked improvement of left ventricular function resulted. The use of a pericardial tube to drain the congenital left ventricular aneurysm into the right atrial appendage is similar to the Cabrol procedure for aortic root aneurysm. 46 The patient is now well, without medication, 2.5 years postoperatively.
Conclusions
Congenital left ventricular aneurysm is a rare entity that appears to be the result of a developmental anomaly of the left ventricular myocardium and endocardium, often involving the papillary muscles of the mitral valve. The prognosis of the aneurysm is related to its size, location, degree of mitral valve involvement, and the presence or absence of serious ventricular arrhythmias. Surgical treatment can be successful, as in the new type of functional aneurysmectomy that was performed in one of our patients.
